This study was to examine the relationship between uteroferrin and Fe, and Fe and Cu in the fetal pig. In Exp. Changes in total Fe and Fe concentration during gestation were similar to those described for Exp. 1 in fetus minus liver, fetal liver and allantoic fluid. In addition, total Fe and Fe concentration in placental and endometrial tissues were analyzed. It was concluded that uteroferrin provides a major source of Fe in endometrial secretion and that it may be stored in placental and endometrial tissues. The relationship between Fe and Cu in conceptus tissues and erythropoiesis also is discussed.
fetus and utilized. Data from Wislocki and Dempsey (1946) supported that conclusion by demonstrating electron-dense material in uterine glands and their secretory products throughout pregnancy. They concluded that the electrondense material was Fe and demonstrated acid phosphatase activity in the placental areolae by histochemical methods. Palludan et al. (1969) labelled the circulating Fe pool of a pregnant gilt in the last trimester of pregnancy with ss Fe. After injection of the isotope, histological sections of the gravid uterus were examined by autoradiography. The density of the radioactive grains was highest in the endometrial gland epithelial cells, uterine secretion and placental areolae, indicating that the embryotrophic route may be the principal mode of placental Fe transport in pigs. Murray et a] . (1972) Knight et al. (1973) determined that uteroferrin is progesterone-induced; Schlosnagle et al. (1974) reported that the protein contains Fe and has acid phosphatase activity (Schlosnagle et al., 1976) . Bazer et al. (1975) first detected UF in allantoic fluid collected from pregnant gilts between d 30 and 100 of gestation, with highest concentrations between d 50 and 60. These results have been confirmed using radioimmunoassay and two-dimensional polyacrylamide gel electrophoresis (Buhi et al., 1983) . Ouchterlony immunodiffusion and electrophoresis studies revealed that UF was not present in allantoic fluid before areolae formation around d 30. Additional data Chen et al., 1975; Renegar et al., 1982) indicated that UF is absorbed by areolae, transported across the chorion and into the fetal umbilical vein where it can be bound by liver or cleared via the kidney into the bladder and ultimately be temporarily sequestered in allantoic fluid. Recently, Ducsay et al. (1982) demonstrated that allantoic epithelium is capable of macromolecular uptake. Iron transported into the altantoic fluid by UF would, therefore, be available for uptake and utilization by the developing conceptus. This study was designed primarily to examine the relationship between the accumulation of UF and Fe in the porcine conceptus during gestation. A secondary objective was to examine the relationship between Fe and Cu in conceptus tissues because Frieden (1976) has emphasized the close relationship between Fe and Cu metabolism in mammals.
Materials and Methods
Surgical Procedures. Gilts were hysterectomized on assigned days of gestation as described by Knight et al. (1977) . After hysterectomy, the uterus was opened along the mesometrial border and each fetal-placental unit was removed intact. The chorioallantois was punctured with an 18-gauge needle and an allantoic fluid (ALF) sample was collected. The chorioallantois was then cut and total volume of ALF measured. The fetus was then freed of surrounding membranes and the liver removed so that fetal liver and fetus minus liver could be analyzed separately. The placentae (chorioallantois minus necrotic tip and amnion) were blotted dry and weighed. Samples of endometrium were dissected free of underlying myometrium and serosa. Both tissues were weighed and an estimate of the percentage of total empty uterine weight comprised of endometrium was calculated. All samples were stored at -20 C until analyzed.
Glassware. All glassware was soaked overnight in a detergent solution, rinsed with tap water, rinsed three times with deionized water and then acid-washed before use.
Tissue. Each fetal liver was thawed to room temperature, placed in a clean, preweighed porcelain crucible (100 ml volume) and ovendried at 100 C for a minimum of 16 h. The crucibles were then allowed to cool for 2 h in a desiccator, reweighed and the dry weight of the tissue calculated and recorded. The tissue was later analyzed for Fe and Cu. Each fetus minus liver was homogenized 5 min in a Waring blender. A sample of approximately 30 g of homogenate from each fetus was placed in a clean, preweighed porcelain crucible and each representative sample was then handled in the same manner as the fetal liver samples.
Each placenta was homogenized in a Waring blender until a homogenous mixture was achieved. Approximately 10 g of placental homogenate from each placenta were further homogenized in a Polytron (Brinkman) with 5 ml deionized water. After homogenization, samples were centrifuged in a refrigerated centrifuge at 27,138 • g for 20 min. The volume of supernatant was measured to calculate g of placental tissue/ml extract. Samples were stored at -20 C until analyzed as described for fetal liver samples.
Either a 5-or 10-ml aliquot of allantoic fluid was pipetted into a clean, preweighed porcelain crucible and oven-dried at 100 C. The dried fluid samples were ashed in a muffle furnace and then treated in the same manner as the tissue samples.
Endometrial tissue samples of about 10 g each were prepared for analysis as described previously for fetal liver.
Analytical Procedure. The concentration of elemental Fe and Cu for samples was determined by atomic absorbtion spectrophotometry, utilizing a Perkin-Elmer Model 306 spectrophotometer. The standard operating conditions outlined by the manufacturer were followed (Anonymous, 1973) .
Standard reference solutions and blanks were used to calculate standard curves about every 10 samples. The curves were obtained by plotting the known element concentrations against absorbance units. Quantitative concentrations of the samples were determined by interpolation from the standard curves by linear regression.
Acid Pbospbatase. Acid phosphatase activity was determined as described by Schlosnagle et al. (1976) and Basha et al. (1979) . One unit of enzyme activity was defined as the capacity to release 1 pmol nitrophenol/min at pH 4.9 in .1 M acetate buffer.
Statistical Analysis. Data were analyzed utilizing least-squares analysis of variance with the Statistical Analysis System (SAS, 1979) to account for sources of variation due to day of gestation and gilt within day of gestation.
Exp. 1. A total of 15 crossbred gilts of similar age, weight and genetic background was checked daily for estrous behavior using mature boars. The gilts were bred at 12 and 24 h after onset of estrus (d 0) and randomly assigned (three gilts/d) to be hysterectomized on either d 30, 45, 60, 75 or 90 of gestation to obtain fetal tissues and fluids for Fe and Cu analyses.
Exp. 2. Twenty-one sexually mature crossbred gilts of similar age, weight and genetic background were checked twice daily for estrous behavior using mature boars. Gilts were bred at 12 and 24 h after onset of estrus (d O) and randomly assigned (three gilts/d) to be hysterectomized on either d 30, 45, 60, 75, 90, 105 or 112 of gestation to collect fetal tissues and fluids for determinations of Fe and acid phosphatase (UF). This experiment was designed specifically to examine the relationship between Fe and UF, as measured indirectly by acid phophatase enzymatic activity.
Results

Exp. I
Iron. Weights of fetal liver and fetus minus liver increased (P<.01) during gestation (table 1), as previously reported by Ullrey et al. (1965) and Robison (1976) . Both fetus minus liver and liver weights exhibited curvilinear growth until about d 70, after which growth continued in a linear fashion.
The pattern of total Fe accumulation in fetus minus liver paralleled that for fetal weight increase. Iron concentration in fetus minus liver followed a different pattern (P<.01) over days of gestation ( (Basha et al., 1979) and the progesterone to estrogen ratio is highest (Knight et al., 1977) . Placental Iron, Acid Pbospbatase and Uteroferrin. The relationship between Fe content and acid phosphatase activity was examined in placental tissue and an analogous pattern for both was observed (figure 2), which implies a relationship between UF levels and Fe accumulation in the placenta. However, the exact percentage of placental acid phosphatase represented by UF is unknown. Total placental Fe followed a pattern similar to that for total acid phosphatase (UF), reemphasizing the relationship between accumulation of Fe and UF in the placenta.
Allantoic Fluid Iron and Acid Phospbatase.
Discussion
Fetus minus liver total Fe increased between d 30 and 112 of gestation, while fetus minus liver Fe concentration decreased between d 20 and 45 (Exp. 1), or d 30 and 60 (Exp. 2), after which values did not change appreciably. This suggests maintenance of a relatively constant rate of tissue Fe deposition during fetal growth as previously noted by Robison (1976) .
Total fetal liver Fe increased between d 30 and 105 (Exp. 1 and 2) but then changed little to d 112 (Exp. 2). Liver Fe concentration changes were similar to those for fetus minus liver. That is, values decreased between d 30 and 45 to 60, and then remained relatively constant to d 90 to 105 (Exp. 1 and 2), followed by a slight decrease to d 112. Waddill et al. (1962) and Hoskins and Hansard (1964) indicated that fetal pig hematopoiesis is very active between d 30 and 60 of gestation, and is at the expense of hepatic Fe stores. Between d 60 and 112 of pregnancy, data suggest that the rate of Fe deposition per unit of fetus minus liver and fetal liver is relatively constant. Therefore, the continuous increase in total Fe in fetus minus liver and liver is primarily a function of their increasing weight. Mean Fe concentrations, total Fe, fetal liver weights and fetus minus liver weights were consistently higher for Exp. 2 than Exp. 1; however, an explanation for these differences is not apparent.
The interrelations between Cu and Fe relative to their absorption and hematopoiesis have been well documented (Lahey et al., 1952; Cartwright et al., 1956; Lee et al., 1968; Ragan et al., 1969; Frieden, 1976) . Total Cu and Cu concentration in fetus minus liver and total Cu (Pryor, 1964; Hansard, 1965 Hansard, , 1970 Underwood, 1977) .
Allantoic fluid volume changes dramatically during the course of gestation in pigs (Knight et al., 1977; Goldstein et al., 1980) ; therefore, data on total ALF Fe are more indicative of nutrient stores in ALF. Total Fe in ALF increased between d 30 and 60, then declined to d 105 and 112 (Exp. 1 and 2). Total Cu in ALF followed a similar pattern of change (Exp. 1). Total acid phosphatase activity and total Fe in ALF also underwent essentially identical temporal changes during gestation. Approximately 95% of the acid phosphatase activity in pig ALF is due to UF . Therefore, these data provide further support for the role of UF as the Fe transport protein in the pregnant pig uterus. The period of maximum total Fe accumulation in ALF also is temporally related to period of maximum UF secretion by uterine endometrium between d 45 and 75 of gestation (Basha et al., 1979) .
At a given time in gestation, UF cannot account for total ALF Fe , because it is known to undergo rapid metabolism within ALF and give up its Fe to transferrin . On d 60 of pregnancy, for example, UF Fe is lost with a half-life of about 24 h. Because total UF in ALF is about 1.3 g Total placental Fe and total placental acid phosphatase increased coincidentally between d 30 and 75 of gestation, decreased slightly to d 90, then increased again to d 105. These data suggest UF (measured as acid phosphatase) storage in the placenta, because its rate of production by the endometrium decreases after d 75 (Basha et al., 1979) . Further, the strong temporal relationship between total placental Fe and total placental acid phosphatase adds further support for the role of UF in Fe transport within the pregnant uterus. It is certain, however, that fetal hemoglobin, transferrin and ferritin also are contributing to placental Fe values. Because UF contains about .2% Fe by weight, it accounts for 10% or less of total Fe in the placenta. But, the rate of turnover of UF in the placenta and the fate of its Fe relative to other compounds is not known. Therefore, data presented in this study only indicate the strong temporal relationship between total placental Fe and total placental UF (acid phosphatase).
Total endometrial weight increased between d 30 and 105 of gestation; however, changes in Fe concentration showed no systematic trend. Total endometrial Fe was similar between d 30 and 60 and then increased between d 60 and 112 of gestation. Because of contributions of maternal blood, accurate determinations of endometrial UF were not possible. Therefore, estimates of endometrial stores of UF are not available. Based on in vitro endometrial explant cultures, UF production by endometrium increases from d 30 to 75 and then declines steadily to d 105 of gestation (Basha et al., 1979) .
Collectively, these data indicate that Fe stores in the fetal-placental unit and ALF increase between d 30 and 60 to 75 of gestation when production of UF by endometrial glandular epithelium is increasing. After d 75, placental total Fe and placental total UF (acid phosphatase) remain elevated, which suggests the possibility of UF storage in the placenta. Between d 75 of gestation and term, the fetus could obtain required Fe from UF stored in the placenta and ALF and new UF being synthesized, although at a slower rate, by the uterine glandular epithelium. Although Palludan et al. (1969) determined that essentially all SSFe introduced into pregnant gilts was associated with uterine glands and their secretions and placental areolae up to d 105 of pregnancy, the possibility of other mechanisms of Fe transport from the dam to fetal placental unit after d 105 cannot be excluded. However, available data strongly suggest that UF provides the primary mechanism for Fe transport from maternal endometrium to conceptus in the pig.
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